The current study examined the relationships between learners' (N = 124) personality traits, the emotions they experience while typically studying (trait studying emotions), and the emotions they reported experiencing as a result of interacting with two Pedagogical Agents (PAs -agent-directed emotions) in MetaTutor, an advanced multi-agent learning environment. Overall, significant relationships between a subset of trait emotions (trait anger, trait anxiety) and personality traits (agreeableness, conscientiousness, and neuroticism) were found for three agent-directed emotions (pride, boredom, and neutral) though the relationships differed between the two PAs. These results demonstrate that some trait emotions and personality traits can be used to predict learners' emotions toward specific PAs (with different roles). Suggestions are provided for adapting PAs to support learners' (with certain characteristics) experience of positive emotions (e.g., enjoyment) and minimize their experience of negative emotions (e.g., boredom). Such an approach presents a scalable and easily implemented method for creating emotionally-adaptive, agent-based learning environments, and improving learner-PA interactions to support learning.
Introduction
Emotions can critically impact how students learn with agent-based learning environments (ABLEs; [1] [2] [3] ). ABLEs [4] are distinct from other computer-based learning environments (e.g., multi-agent systems, intelligent tutoring systems, serious games) because of their use of pedagogical agents (PAs); animated characters designed to provide several functions such as immediate and tailored prompts and feedback to support student learning. Despite research that examines emotions in these environments, very little is known in terms of why students experience different emotions during their interactions with these computer-based systems. For example, do students experience frustration because of the PA's feedback or because they are unable to locate multimedia material relevant to their current learning goal? Furthermore, there are contextual and individual difference variables, such as personality traits and trait emotions that can also contribute to the complexity of understanding the impact of emotions on learning with ABLEs. As such, the current study examined the relationships between learners' personality traits (five factor model; [5] ), the emotions they experience while typically studying (trait studying emotions; [6]), and the emotions they reported experiencing as a result of the PAs (agent-directed emotions). At present, research concerning students' agent-directed emotions is scarce. Studies also demonstrate that PAs have a range of different functions and features, such as deploying strategies to help students regulate their emotions, different dynamic facial expressions, gender, and race [1] [2] [3] [4] [7] [8] . In addition to the characteristics of the PA, a number of learner characteristics (gender, prior knowledge, personality traits) have also been shown to influence learner-PA interactions [1, 2, 8] . However, the paucity of research on this topic makes any conclusions or recommendations tentative. This study contributes to the literature by evaluating the predictive utility of two sets of learner characteristics and how this information can be used to provide individually-tailored, user-system adaptation [8]. User-system adaptation involves changing features of the ABLE (e.g., PAs) to optimize them for different types of learners. In this study, MetaTutor, an ABLE for learning about the human circulatory system and fostering self-regulated learning (SRL) was used to examine learner-PA interactions.
Learner Characteristics
Trait emotions. Trait emotions represent one set of individual differences that are related to what students typically experience while learning with respect to the behaviours they engage in while learning and their learning outcomes [9] . Specifically, trait emotions are habitual, re-occurring emotions experienced in a particular achievement context, such as feeling anxiety during tests or boredom while studying algebra. Pekrun [9] contrasts trait emotions with state emotions, which are emotions experienced in response to a particular situation (e.g., academic achievement situation). The relationship between trait studying emotions and agent-directed emotions as experienced during a studying task with an ABLE has not yet been examined. In addition to learners' trait emotions, personality traits are examined as a second source of individual differences.
Personality Traits. Personality traits reflect individual differences in stable dispositions, which determine one's pattern of thought, emotionality, and behaviour [5, 10] .
Although several models of personality have been developed, the most comprehensive framework and consistent findings have derived from the five-factor model (FFM; [5] ). These factors include Neuroticism (tendency to be temperamental and experience negative moods and feelings; e.g., Anxiety, and Depression), Conscien-
